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and colleagues examined two additional chromatin-
associated proteins, heterochromatin protein 1 group
(HP1) and histone variant H3.3. Their results revealed
that HP1a moved much more rapidly in the heterochro-
matin of undifferentiated ES cells versus differentiated
cells, whereas there was no significant difference in these
dynamics in euchromatin. In contrast, H3.3, which is
found in highly transcribed genomic regions, did not
show significantly different dynamics in ES cells versus
differentiated cells. These findings suggest that not all
chromatin-associated proteins move faster in pluripo-
tent cells, and that regional differences may exist within
the nucleus. In addition, they suggest that ES cells may
have a disproportionately high amount of transcrip-
tionally active regions or regions that are primed for
transcription.
The observations in Meshorer et al. (2006) support
of the ‘‘stem cell priming’’ hypothesis. According to this
hypothesis, the genome of stem cells may be generally
subject to something like the ‘‘priming reaction’’ seen
previously for example in the locus control region (LCR)
adjacent to the globin gene cluster. During differentia-
tion of hematopoietic progenitor cells, the chromatin
structure of this region opens up before globin gene
transcription, thus ‘‘priming’’ the transcription of lineage-
specific genes (Jimenez et al., 1992). The new data fit
this model nicely by indicating that the loosely bound
fraction of chromatin proteins plays a key role in the re-
modeling process during differentiation of pluripotent
cells. These findings have a number of interesting po-
tential implications. For example, researchers could ex-
amine the pluripotency of stem cells by looking at chro-
matin mobility rather than gene expression profiles, an
advantage because chromatin mobility may be more
conserved across very different groups of pluripotent
cells. In addition, it is possible (although experimentally
challenging to address) that cells in the pre- and post-
implantation embryo will show the same properties, po-
tentially allowing the tracking of such pluripotent cells
during development. Finally, this work prompts a num-
ber of fascinating questions. For example, which molec-
ular mechanisms control the hyperdynamic state of ES
cell chromatin, and what remodeling complexes are in-
volved? What happens during cellular reprogramming
after nuclear transfer into oocytes or fusion with plurip-
otent cells? Will modulation of the hyperdynamic pool of
chromatin-associated proteins help us reprogram cells?
As these and other questions are answered in the future,
we will gain precious new insights into what pluripo-
tency is.
Thomas P. Zwaka
Center for Cell and Gene Therapy and
Department of Molecular and Cellular Biology
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Figure 1. Chromatin-Associated Proteins in Blue Bind Only Loosely
and Are Hyperdynamic in Pluripotent Cells
This loosely bound fraction of chromatin proteins plays a key role in
the remodeling process during differentiation of pluripotent cells.
Immobilization of these dynamic chromatin-associated proteins
(red) could lead to higher-order silencing of portions of the genome
during differentiation of pluripotent cells.
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2The Grapes of Incompatibility
When two colonies of the tunicate Botryllus contact
each other, they either fuse into a single colony or
mount a destructive reaction, which keeps them apart.Which of the two reactions takes place is determined
by a single, highly polymorphic fusion/histocompati-
bility (FuHC) locus. Recent communications report
the cloning and characterization of the FuHC locus
and suggest that its functionmay be to protect against
parasitism by conspecific stem cells.
Previews
3A handicap of old age is that not only do you forget
things that you should remember, but also you remem-
ber things that others seem to have forgotten. I remem-
ber immunology meetings at which the a` la carte pro-
gram offered, as a dessert, a talk on tunicates by
Morten Simonsen. For, if Frank Macfarlane Burnet was
the originator of the Tunicate Evangelium (Burnet,
1971), Simonsen had been its impassionate preacher
(Simonsen, 1976). The news he disseminated was that
colonial urochordates possess a system resembling
the major histocompatibility complex (MHC) of jawed
vertebrates and hence that the adaptive immune sys-
tem (AIS), of which the MHC is the prima donna, must
have emerged before the appearance of vertebrates.
The claim of resemblance rested on three observations:
genetic complexity, vast polymorphism, and involve-
ment in tissue compatibility. At that time many immunol-
ogists believed that primitive forms of AIS existed in
nonvertebrates, and so its implied presence in tunicates
did not raise any eyebrows. Burnet even got away with
the claim that pollen-stigma incompatibility systems in
plants might also be a form of immune system. Later
on, this immunological bubble, like many others, burst
and most immunologists had forgotten about tunicates.
But not all—Irving L. Weissman and his coworkers con-
tinued to be enthused about them and have remained
faithful to them for over 20 years now. They thus de-
serve three cheers. One for the courage to take up
what then seemed to many an esoteric topic. Another
for their perseverance in face of the difficulties they en-
countered on the way. And a third for exposing a new
vista onto one of biology’s most basic questions: How
do organisms protect the integrity of their bodies? Their
two most recent communications are an opening salvo,
ushering in the investigation of cellular and molecular
mechanisms by which animals guard their individuality.
In the first, De Tomaso et al. (2005) identify molecularly
the gene determining whether two tunicate colonies will
fuse or not. In the second, Laird et al. (2005) (in the De-
cember 29 issue of Cell) address the question of why tu-
nicates need a system that protects their colonies from
indiscriminate fusion.
What exactly have De Tomaso et al. (2005) identified?
The control of colony fusion is presumably a complex
phenomenon involving at least two interacting mole-
cules (a receptor and its ligand), but probably more.
The authors argue that they have cloned a gene that is
part of the fusion-controlling region, is highly polymor-
phic, and is expressed in cells participating in the rejec-
tion process. They assume, therefore, that the product
of the gene is one of the two principal components
of the fusion system, specifically that it is the ligand.
Whether a ligand or receptor, immunologists will want
to know whether it is evolutionarily related to the MHC
molecules. FuHC is predicted to possess two immuno-
globulin-like domains (ILDs), and ILDs are also present
in MHC molecules. However, the possession of ILDs
does not necessarily relate the tunicate molecule to
MHC molecules for at least three reasons. First, ILD is
one of the most commonly occurring domains in the
protein world, present in nearly all life forms and in pro-
teins performing a wide variety of functions. The chance
that any newly discovered molecule will contain an ILD
is therefore high, regardless of whether the moleculehas anything to do with immunity. Second, the ILDs
found in the fusion protein are not of the subtype found
in MHC molecules or in either of the other two principal
molecules of the AIS (immunoglobulins and T cell recep-
tors). And third, the ILD is not the hallmark of the MHC;
the peptide binding domain (PBD) is (Klein and O’hUigin,
1993). The PBD is entirely different from the ILD and is
squarely responsible for what makes the MHC mole-
cules what they are—receptacles of specially produced
self or nonself peptides. When discussing the evolution-
ary origin of the MHC molecules, the real question is not
where its ILDs come from (there are plenty of candidates
for that), but what were the ancestors of the PBD.
An alternative way of linking the fusion protein with the
MHC and the AIS considered by De Tomaso et al. (2005)
is via the natural killer cell receptors (NKRs), some of
which use the MHC molecules as their ligands. NKRs
are, however, unrelated to the MHC, use also other li-
gands than MHC, are not involved directly in AIS, and
are not a homogenous group evolutionarily. Thus, it
seems unlikely that the mechanisms underlying verte-
brate histocompatibility share substantial evolutionary
history with those that determine tunicate colony fusion.
One might therefore consider adopting independent
names for these independent phenomena—perhaps
even ‘‘grape incompatibility,’’ in recognition of the fact
thatBotryllus, the species with which Weissman and col-
leagues work, derives its name from the Greek word for
a bunch of grapes, which the colonies resemble.
The Laird et al. (2005) paper explores approaches that
might lead to the elucidation of the cellular nature of
grape incompatibility. Immunologists, of course, have
never believed that frustrating transplant surgeons is
the true function of the MHC. They might have hoped,
however, that guarding individuality might have been
the original function of the ancestral MHC and hence
that the tunicate FuHC might be related to the MHC.
Now, as it seems less likely that FuHC is connected to
the AIS, the question of its physiological function has
become wide open. Laird et al. (2005) favor the idea,
originally advanced by Buss (1982), that the complex
is involved in restricting ‘‘clonal parasitism.’’ The es-
sence of the idea is this: As in other multicellular organ-
isms, in Botryllus differentiated cells can be expected to
arise from undifferentiated stem cells. Fusion between
Botryllus colonies results in mixing of stem cells of the
two participating individuals initially. Ultimately, how-
ever, one of the stem cell types (the ‘‘stronger’’ one) pre-
vails, becomes a ‘‘parasite,’’ and takes over the colony.
In the end, the outcome is the replacement of one ge-
nome by another. If such takeovers were allowed to pro-
ceed unhindered, the strongest genome would monop-
olize the entire population and much of the population’s
variability would be lost, to the detriment of the species.
The function of the FuHc is to prevent this from happen-
ing by restricting fusions to colonies that share at least
one FuHC allele.
In this paper, Laird et al. (2005) go a long way toward
demonstrating that stem cells do indeed exist in Botryl-
lus, that there are separate stem cells for the somatic
and germ cell lineages, that colony takeovers can be sim-
ulated by transplantation of semipurified stem cells, and
that some genomes are stronger than others in such
takeovers. They interpret this evidence as favoring the
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4hypothesis that the function of the FuHC is the preven-
tion of genetic homogenization of Botryllus populations.
However, one could argue that this interpretation repre-
sents a form of group selection, an idea that has fallen out
of favor with population geneticists. Specifically, the hy-
pothesis assumes that the individual genomes ‘‘know’’
somehow what is good and what not for the population
(species), which, of course, is difficult to rationalize in bi-
ological terms. If selection is to be invoked, it has to ben-
efit the individual and only indirectly the species. So, it
would be necessary to demonstrate that the stem cell
‘‘parasitism’’ is bad for the individual. In mammals, chi-
merism is known to restrict the ability of some of the chi-
meras to reproduce (Owen, 1945), but since in tunicates
each colony can give rise to both testes and ovaries,
such a handicap should not result from the chimeric con-
dition. Hence, the challenge ahead is to identify the dis-
advantage that the condition poses for the individual.Developmental Cell 10, January, 2006 ª2006 Elsevier Inc. DOI 10.10
Structural Analysis Sheds Light
on APC/C-Mediated Ubiquitylation
In the December 22nd issue of Molecular Cell, two
groups report refinedcryo-electronmicroscopic struc-
tures of the APC/C atw20 A˚ resolution. They also re-
veal important new features including multiple copies
of subunits, dimerization and structural flexibility of
the APC/C, which give a hint to solve the mechanisms
of the APC/C-dependent ubiquitylation.
The anaphase-promoting complex/cyclosome (APC/C)
is an essential E3 ubiquitin ligase in the cell cycle, which
ubiquitylates Cut2/Pds1/securin to initiate sister chro-
matid separation and cyclin B, allowing exit from mito-
sis. Since its discovery last decade, the APC/C has
been studied extensively and has proven, with cyclin-
dependent kinases (Cdks), to be a key regulator of the
cell cycle. In addition, there is increasing evidence that
the APC/C regulates non-cell cycle events such as de-
velopment, signaling, neurogenesis, and transcription,
highlighting the possibility that the APC/C has as yet un-
identified functions other than ubiquitylation. Thus, it is
very fascinating to understand how the APC/C works in
the cell cycle as well as more generally in the cell. Obvi-
ously, the most important role of the APC/C is to cata-
lyze polyubiquitylation: the transfer of ubiquitin mole-
cules from an ubiquitin-conjugating E2 enzyme (Ubc4
or UbcH10) onto lysine residues in specifically recog-
nized substrates. Repeating this ubiquitin-transfer cycle
allows the formations of polyubiquitin chains. These
polyubiquitylated substrates are subsequently recog-
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allowing the APC/C to control the turnover of substrates
as well as regulate the cell cycle transitions.
The APC/C belongs to the RING E3 ubiquitin ligase
family, which includes Ubr1, c-Cbl, and the Skp1-Cullin1-
F-box (SCF) complex. Of them all, the APC/C is excep-
tionally complex and is a large particle (1.5MDa) consist-
ing of at least 12 conserved subunits, although the role of
each subunit remains elusive. Some studies have hinted
at functions: Apc11, a RING finger protein, binds to the
Cullin homology protein Apc2 to form the catalytic cen-
ter; however, this does not provide substrate specificity.
Four other subunits have a tetratricopeptide repeat
(TPR) domain, which is involved in protein-protein asso-
ciation. Since other E3s such as Ubr1 and c-Cbl function
as a single subunit, it appears that the APC/C uses mul-
tiple subunits to regulate substrate specificity and to
accomplish various tasks in the cell. Moreover, to be
fully active, the APC/C requires activator proteins, the
Fizzy family of proteins, which are characterized by
their C-terminal WD40 repeats. Cdc20/Fizzy is required
for APC/C activity in anaphase, whereas Cdh1/Fizzy-
related functions from late anaphase to G1. Cdh1/Fizzy-
related has recently been proposed to recruit substrates
to the catalytic center of the APC/C by directly binding to
both an APC/C substrate and the TPR subunit Apc3
(Burton et al., 2005; Kraft et al., 2005). On the other
hand, other reports have asserted that the APC/C can
bind to its substrates independently of Cdc20/Fizzy
(Carroll et al., 2005, Passmore et al., 2003, Yamano
et al., 2004). Therefore, the molecular mechanism of
how the APC/C works with the activator proteins is not
clearly understood. Another regulation of the APC/C in-
volves chemical modifications of its subunits. Mitotic
phosphorylation by Cdks is, for instance, required for
the APC/C activity (Lahav-Baratz et al., 1995); however,
the role of phosphorylation has remained a mystery. It
